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1
$G$
$X$ $Y$ $G$- $G$- $\varphi$ : $Xarrow Y$
$G$ $G$- $\varphi$ : $Xarrow Y$
$x\in X$ $\varphi(x)\in Y$ $G_{x}\subset G_{\varphi(x)}$
$x\in X$ $G_{x}=G_{\varphi(x)}$ $G$- $G$-
(G-isovariant map) $X$ $G$- $x_{1},$ $x_{2}$
$\varphi(x_{1})=\varphi(x_{2})$ $x_{1}=x_{2}$
2 $G$- $\varphi,$ $\psi$ : $Xarrow Y$ G- $\varphi$ $\psi$ G-
$F:X\cross[0,1|arrow Y$ $G$- $F$ $\varphi$ $\psi$ $G$-
$\varphi$
$\psi$ $G$- $G$- $G$-
$G$- $[X, Y]_{G}^{isov}$
$X$ $G$- $M$ $Y$ $G$- $SW$
$G$ $G$-
$M$ $SW$ $G$- $G$- $[\Lambda l,$ $SW|_{G}^{isov}$






$SW>1= \bigcup_{\{1\}\neq H\leq G}SW^{H}$
21([4, $6|)$ . $G$ $M$ $G$ - $m$ - $C^{\infty}$ $W$
$G$
$\dim M+1\leqq\dim SW-\dim SW^{>1}$ (1)
$M$ $G$ $SW$ $G$ - $f:Marrow SW$
$SW^{>1}=\emptyset$ $\dim SW>1=-1$
Borsuk-Ulam A. G. Wasser-
man 21
Borsuk-Ulam *
2.2 ([11] Borsuk-Ulam ). $G$ $V,$ $W$ $G$ -
$G$ - $f$ : $Varrow W$











$\lambda I$ $G$ $ilI$
[3], [5],[6]









$SW\backslash SW>1$ $M$ $G$- $[M,$ $SW|_{G}^{isov}=$
$[M, SW_{free}]_{G}$ $M$ $SW_{free}$
$c$ $\Psi$
24. $G$ $M$ $d-1$ $G$- $G$-
$W$ $G$ $f:Marrow SW_{free}$ $G$-
$f$ $mDegf$
$mDegf=c\circ\Psi^{G}(f_{*}([M|))\in$ $\oplus$ $\mathbb{Z}$ .
$(H)\in \mathcal{A}/G$




24 $c$ $\Psi$ [6]
$G$ $H$ $NH$ $\mathbb{Z}[G|$ -
$\Psi:H_{d-1}(Si\eta_{free}^{r};\mathbb{Z})\cong\bigoplus_{H\in \mathcal{A}}H_{d-1}(S(W^{H})^{\perp};\mathbb{Z})arrow\bigoplus_{(H)\in \mathcal{A}/G}\mathbb{Z}[G/NH]$
$S(W^{H})^{\perp}$ $[S(W^{H})^{\perp}]$ $\Psi([S(W^{H})^{\perp}|)=1\cdot NH$
$\mathbb{Z}[G]$ - $\mathbb{Z}[G|$ - $M$ $G$- $H_{d-1}(\Lambda l;\mathbb{Z})\cong \mathbb{Z}$
$G$- $f_{*}([M])\in H_{d-1}(SW_{free};\mathbb{Z})^{G}$
$\sigma H:=\sum_{\overline{a}\in G/NH}\overline{a}$
$\mathbb{Z}[G/NH]^{G}=\mathbb{Z}\cdot\sigma H\cong \mathbb{Z}$ ,
$\mathbb{Z}$ [G]
$c$ : $\oplus$ $\mathbb{Z}[G/NH]^{G}arrow$ $\oplus$ $\mathbb{Z}$




(1). $mDeg$ : $[M, SW_{f\tau ee},]_{G}arrow\oplus_{(H)\in A/c^{\mathbb{Z}}}$
(2). 2 $G$ - $f,$ $g:Marrow SW_{free}$
$mDegf-mDegg\in\bigoplus_{(H)\in A/G}|NH|\mathbb{Z}$
(3). $G$ - $f_{0}:Marrow SW_{tree}$ $a\in\oplus_{(H)\in A/G}|NH|\mathbb{Z}$
$G$ - $f:Marrow SW_{tree}$
$mDegf-mDegf_{0}=a$ .
9
Hopf $[M$ . STT $\gamma]_{G}^{isov}=$
$[111, S1’l^{\gamma_{free}}]_{G}$ $G$- $f$ :it $Iarrow SW_{free}$
$G$- $f$ : $Marrow SW$ $mDegf=(d_{H}(f))\in\oplus_{(H)\in \mathcal{A}/G}$ Z.
$mD_{fo}(f)=((d_{H}(f)-d_{H}(f_{0}))/|NH|)\in$ $\oplus$ $\mathbb{Z}$ .
$(H)\in \mathcal{A}/G$
25





[8],[9] $[10|$ $G$ $Q_{8}$ $Q_{2n}$
$G$ ( )
2
3.1. $p$ $q$ $p-1$ $q$ $Z_{p,q}$
$<a,$ $b|a^{p}=b^{q}=1,$ $bab^{-1}=a^{r}>$
$r$ $r>1$ $r^{q}\equiv 1(p)$
$r$ $Z_{p,q}$ $P$ $q$ $r$
$Z_{p,q}^{r}=<a,$ $b|a^{p}=b^{q}=1,$ $bab^{-1}=a^{r}>$
$Z_{p,q}^{r’}=<a’,$ $b’|a^{\prime p}=b^{\prime q}=1,$ $b’a’b^{\prime-1}=a^{\prime r’}>$
10
$\alpha$ $r^{\prime\alpha}\equiv r(p)$ $\alpha$ $\gamma$. $q$
$\varphi$ : $Z_{p,q}^{r}arrow Z_{p,q}^{r’}$
$\varphi(a)=a’$ , $\varphi(b)=b’$
$Z_{p,q}$










$Z_{p,q}$ $R$ $\tau$ : $Z_{p,q}arrow U(1)$
$\tau(a)=1$ , $\tau(b)=\exp\frac{2\pi\sqrt{-1}}{q}$ .
$Z_{p,q}$ $T$ $(\rho, R)$ $(\tau, T)$
$Z_{p,q}$ [1] $(2q-1)$- $S^{2q-1}$
$S^{2n-1}$ $SW=S(T\oplus R)$
$[S^{2q-1}, SW]_{Z_{p,q}}^{isov}\cong \mathbb{Z}\oplus \mathbb{Z}$
$Z_{p,q}$
$<a>(\cong C_{p})$ $<b>,$ $<ab>,$ $<a^{2}b>,$ $\ldots<a^{p-1}b>$
$C_{q}$ $p$
$T$




$R^{\{1\}}=R$ , $R^{<a>}=\{O\}$ , $R^{<b>}=\{z(\begin{array}{l}11\vdots 1\end{array});z\in \mathbb{C}\}$ ,
$A/G$ Iso $(W)$ $Z_{p,q}$
$\dim SW>1=1$
$\dim S^{2q-1}+1=2q=(2q+1)-1=\dim SW-\dim SW^{>1}$
$A=\{<a>, <b>, <ab>, \ldots, <a^{p-1}b>\}$
$\mathcal{A}/G=\{(<a>), (<b>)\}$
26 $[S^{2q-1},$ $SW]_{Z_{p,q}}^{isov}\cong \mathbb{Z}\oplus \mathbb{Z}$
32. 31 $S^{2q-1}$ ([12])
$\oplus_{(H)\in A/c^{\mathbb{Z}}}$
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